A 3698 bp region of the genome of infectious laryngotracheitis virus (ILTV) was sequenced and found to contain the entire glycoprotein gB gene and the Cterminal region of a gene homologous to the ICP18.5 protein gene of herpes simplex virus type 1. The ILTV gB gene encoded a protein with an Mr of 100K possessing all the characteristics of a transmembrane glycoprotein. Alignment of the ILTV gB sequence with homologous sequences from six other herpesviruses revealed that 10 cysteine residues on the surface of the molecule were completely conserved and that the positions of several N-linked glycosylation sites were largely conserved. Evolutionary trees based on the gB amino acid sequences from a total of 13 herpesviruses were constructed and the relationships among these herpesviruses were examined.
A 3698 bp region of the genome of infectious laryngotracheitis virus (ILTV) was sequenced and found to contain the entire glycoprotein gB gene and the Cterminal region of a gene homologous to the ICP18.5 protein gene of herpes simplex virus type 1. The ILTV gB gene encoded a protein with an Mr of 100K possessing all the characteristics of a transmembrane glycoprotein. Alignment of the ILTV gB sequence with homologous sequences from six other herpesviruses revealed that 10 cysteine residues on the surface of the molecule were completely conserved and that the positions of several N-linked glycosylation sites were largely conserved. Evolutionary trees based on the gB amino acid sequences from a total of 13 herpesviruses were constructed and the relationships among these herpesviruses were examined.
Infectious laryngotracheitis virus (ILTV) is an avian herpesvirus belonging to the alphaherpesvirus subfamily (Roizman et al., 1981) . The viral genome encodes at least 22 different genes which have homologues in herpes simplex virus type 1 (HSV-1) (Griffin, 1989; Griffin & Boursnell, 1990) , including the glycoprotein gB gene. The virus has also been shown to specify at least four major glycoproteins, of Mrs 205K, 115K, 90K and 60K (York et al., 1987) . Three of these, the 205K, 115K and 90K proteins, are antigenically related; however, the nature of this relationship is unknown. The herpesviral gB gene itself is interesting for several reasons. In HSV-1, the gB gene product is essential for viral infectivity. This is probably due to its role in attachment to and penetration of the host cell (Sarmiento et al., 1979; Little et al., 1981) . It has also been demonstrated to induce both humoral and cell-mediated immune responses and to confer protective immunity to HSV-1 (Blacklaws et al., 1987; Cantin et al., 1987; Cai et al., 1988) and pseudorabies virus (PRV) (Marchioli et al., 1987) infections. Since it is a conserved gene, gB is also an ideal candidate for use in the examination of the evolutionary relationships between different herpesviruses using protein sequence homologies.
The Thorne V882 strain of ILTV was propagated in monolayer cultures of primary chicken kidney (CK) cells. Infected cells were harvested 48 to 72 h postinfection and viral DNA was isolated from infected CK cells as described previously (Griffin & Boursnell, 1990) . ILTV DNA was digested using the appropriate restriction endonuclease (Bethesda Research Laboratories) and, in the case of HindIII-and EcoRI-digested DNA, was ligated into the corresponding dephosphorylated pUC13 vector using T4 DNA ligase (Boehringer Mannheim). Competent Escherichia coli strain TG 1 cells were transformed according to standard procedures (Hanahan, 1983) and bacterial clones containing plasmids with the correct ILTV DNA fragments were identified and purified as described by Griffin & Boursnell (1990) . Plasrnid DNA was sheared randomly by sonication (Deininger, 1983) , selected by size to give 400 to 1500 bp fragments, repaired at its ends using T4 DNA polymerase (Pharmacia) and the Klenow fragment (Boehringer Mannheim) in the presence of the four dNTPs and then cloned into SmaI-cut dephosphorylated M13 mp 10 (Amersham). M13 dideoxynucleotide sequencing was carried out as described previously (Biggin et al., 1983; Bankier & Barrell, 1983) . Both strands of DNA were sequenced at least once to eliminate any ambiguous data.
Sequences were read into a BBC microcomputer using a sonic digitizer (Graf/Bar Science Accessories) and data were analysed on a Micro VAX 3600 using the computer programs of Staden (1986) , the University of Wisconsin Genetics Computer Group (UWGCG) (Devereux et al., 1984) , the Phylogeny Inference Package (PHYLIP) (Felsenstein, 1985) and CLUSTAL (Higgins & Sharp, 1989) . ILTV genes were identified by comparison to the amino acid sequences of HSV-1 (McGeoch et al., 1988) , varicella-zoster virus (VZV) (Davison & Scott, 1986) and Epstein-Barr virus (EBV) (Baer et al., 1984) , and the published sequences of HSV-2 (Stuve et al., 1987) , bovine herpesvirus type 1 (BHV-1) (Misra et al., 1988 ; corrected sequence by personal communication), BHV-2 (Hammerschmidt et al., 1988) , equine herpesvirus type 1 (EHV-1) (Whalley et al., 1989) , EHV-4 (Riggio et al., 1989) , herpesvirus saimiri (HVS) (Albrecht & Fleckenstein, 1990 ), Marek's disease virus (MDV) (Ross et al., 1989) , PRV (Robbins et al., 1987) and cytomegalovirus (CMV) (Cranage et al., 1986) . Evolutionary trees were generated using the computer programs FITCH, KITSCH and CLUSTAL which use distance matrix methods to generate evolutionary trees. FITCH and KITSCH use an algorithm based on the least squares method of Fitch & Margoliash (1967) while CLUSTAL utilizes the unweighted pair group maximum averages algorithm. Details of how data were prepared for analysis by FITCH and KITSCH programs are described by Griffin & Boursnell (1990) . Assumptions about the data are incorporated into the three computer programs; these are discussed in detail elsewhere (Bishop et al., 1987; Felsenstein, 1985; Nei, 1987; Tateno, 1985) . The programs FITCH and KITSCH were run on a Micro VAX 3600; CLUSTAL was run on an IBM-compatible personal microcomputer.
In previous experiments, computer sequence analysis of random fragments of ILTV cloned into M 13 identified a clone containing ILTV DNA homologous to the HSV-1 gB gene (Griffin, 1989) . This clone was then used to identify plLHdl, a 1.3 kb HindlIl fragment of tLTV DNA from a library of restriction enzyme-digested DNA cloned into pUC13. The HindllI fragment was subcloned into M13 and sequenced. Analysis of the sequence data, using the computer program FASTP, showed that the fragment contained sequences homologous to the amino terminus of the HSV-1 gB gene and the carboxy terminus of the HSV-1 UL28 gene. Sequence data from a 3.8 kb Sail fragment of ILTV DNA in pUC18 (plLSal ; Griffin, 1990) revealed the presence of the carboxy terminus of an open reading frame homologous to the HSV-1 gB gene. Since clones plLHdl and plLSal did not overlap, restriction enzyme-generated fragments from the ends of both clones were used to identify a 2.8 kb EcoRI fragment that completed the gap in the gene sequence. The locations of the HindlII, Sail and EcoRI restriction sites are indicated in Fig. 1 .
The genomic region sequenced was 3698 nucleotides long, with a (G + C) composition of 44~. This region is contiguous with that sequenced by Griffin & Boursnell (1990) and shows that the locations of the putative ICP18.5 and gB genes on the ILTV genome are identical to those of the HSV-1 (McGeoch et al., 1988) and VZV (Davison & Taylor, 1987; Davison & Scott, 1986 ) gene homologues, i.e. adjacent to and reading into the 5' end of the thymidine kinase (TK) gene block. The nucleotide and amino acid sequence data are presented in Fig. 1 , with the locations of regions potentially involved in the promotion and termination of transcription and translation underlined. The positions of these sites are based on the predictions of Busslinger et al. (1980 ), Benoist et al. (1980 ), Efstratiadis et al. (1980 and Kozak (1986) . However, the presumptive CAT (ATTG) site for the gB gene is likely to be read from the other strand of the viral genome; this has also been postulated to occur in the EHV-4 gB gene (Riggio et al., 1989) . Although there are three potential translation start sites, the functional start site was assumed to be the first in-frame ATG, because none of the three sites was particularly favourable according to the criteria of Kozak (1986) . Exceptions to the Kozak consensus are also found in the case of the gB genes of VZV (Keller et al., 1986) , PRV (Robbins et al., 1987) and MDV (Ross et al., 1989) .
The translated gB gene sequence is 883 amino acids long with an Mr of 100K. It has many of the characteristics of a transmembrane glycoprotein, as proposed for the HSV-1 gB (Pellett et al., 1985) . These include (i) an amino-terminal hydrophobic sequence which corresponds to the signal sequence, (ii) a hydrophobic region close to the carboxy terminus which may function as a transmembrane anchor sequence and (iii) a total of eight potential N-linked glycosylation sites (NXT/S). Based on the criteria proposed for predictions of cleavage of signal sequences (von Heijne, 1986) , cleavage of the ILTV gB occurs after the serine at position 31, resulting in a mature (cleaved) ILTV gB transcript with an M r of 96.5K.
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The trees presented here clearly depict the herpesviruses divided into three separate groups corresponding to the alpha-, beta-and gammaherpesvirus subfamilies. This has previously been reported for trees based on the TK and the 5' upstream genes (homologues of the HSV-1 UL24 gene) of 12 different herpesviruses (Griffin & Boursnell, 1990) . Among the alphaherpesviruses, two pairs of species are consistently shown to be closely related, HSV-1/HSV-2 and EHV-1/EHV-4. Regardless of the computer program used, PRV/BHV-1 appear to be fairly closely related and, in the FITCH and CLUSTAL trees, this pair seems to be closely related to the EHV-1/EHV-4 pair. On trees based on the TK genes it appeared that the pair PRV/EHV-1 were also closely related, but that the relationship to BHV-1 was different. An interesting feature consistent with the trees based on the TK and gB sequences of this large group of herpesviruses is that ILTV is depicted as the first alphaherpesvirus to evolve from the ancestral alphaherpesviral gene. It is also no more closely related to the other avian herpesvirus, MDV, than it is to the larger group of mammalian herpesviruses. Although trees constructed from individual genes are interesting in terms of the evolution of genes themselves, extrapolation to the actual evolutionary relationships between individual viruses requires analysis of a large variety of genes. With the rapid emergence of sequence data for more and more herpesviral genes, this should soon be feasible.
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